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A procaryotic cell system was developed that can be used to
determine the toxic action of chemicals acting at the level of the
eucarvatic or procaryctic cytoplasmic membrane. Ceil wali-less micocbes
known as mycoplasmas were used. In this current study, two
perfluarinated fatty acids (C8 and C10) were found to inhibit the growth
of the test mycoplasmas. Two apparent activities, cytotoxicity and
cytolysis, were observed. At high concentrations (>10 aM) a
detergent-like action was noted. At low concentrations (<10 mM) cell
death was aobserved without detectable cell lysis. Altering the cell
membrane (the presumed target of the toxic compounds) resulted in
altered levels of toxicity. Similar results were obtained when human or
murine H-cells were used as the target organism. The toxic action of the
perfluorinated fatty acids apparently involves some interaction with the
membrane of the cells being treated.
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IiNTRODUCTION

Thne primary gcal of this grant proposal was to investigate the
tuxic madality of perfluorinated fatty acide., The target cells for this
study were the cell wall-less procaryotes commonly called mycoplasmas.
Using this interesting procaryotic cell system, a secondary goal was to
establish an in vitro system for identifying membrane active toxicants
acting on both procaryotic and eucaryotic cells. After a period of
three years, the primary goal has been accomplished and the secandary
goal is well within reach.

A4 large number of envircnmentally important compounds exist. In
many cases, we learn of the toxic nature of these compounds after they
appear in the environment. Often this "after the fact" recognitiaon of
tovicity is due to the unavailability of rapid and cost effective
toxicity model systems. Extensive model systems exist for determining
the toxic action of certain chemicals of a cell’s DNA. However, the
toxicity of many compounds is predicated an the initial interaction of
the compound with the cell’'s ocutermost structure- the cytoplasmic
membrane.

Halogenated compounds play a large part in todays industrialized
worid. These compounds are used as refrigerants, fire retardants, paint
and varnish components, and solvents. Hany of these halogenated
compounds are also commonly used pesticides and herbicides. Hesides the
known toxicity of these latter noted compounds, most halogenated
ccapounds can generally be considered overt or at least highly suspect
toxins (Ghosal, et al, 1985).

My current studies involve using mycoplasmas, cell wall-less
pracaryotes (Tully and Razin, 1977, Razin, 1985), as the sentinel
organisms to determine the toxic action of perfluorinated hydrocarbons.
Unlike typical eubacteria, the mycaplasmas are bounded solely by a unit
biological membrane. In addition, they lack any internal membrane
systems. [any studies involving structure/function relationships in
tlaomembranes have been carried out using mycoplasmas as "model" membrane
csystems {(cf Archer,1981). Similar to eucaryotic cells, mycoplasmas
incorporate sterols into their membranes. In fact, several species of
mycoplasmas are the only procaryotes known to have an absolute
requirement for chglesterol. I am using three species of two different
mvconlasma genera in this study. Acholeplasma laidlawii is a sterol
ncn-requiring mycoplasma. It is one of the least fastidious of these
microbes. Extensive studies have been carried out with the membranes of
r. laldlawii. The final composition of their cellular membranes is
decided by genetic as well as environmental factors. A, laidlawii can
te infected with several acholeplasmaviruses that are released without
lvsis of the infected cell (rev. in Razin, 1985). This infection
process 1s altered by changing the composition of the host membrane,
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presenting an interesting model for a bislogical process involving the
zell membrane. Two members of the sterol requiring mycoplasmas (genus
li‘coplasma) are also being used in this study. These species, M.
capricolum and M. gallinarum, are more fastidious than A. laidlawii and
they incorporate up to 10 times as much cholesterol in their membranes
{gittman et _al, 1983). This compositional difference presents a
tiological membrane with different biophysical constraints as caompared
to those for A. laidlawii. In addition, although both M. capricolum and
M. gqallinarum are lysed by digitonin (presumably acting upon the
cholesterol in the cell membrane, Razin and Argaman, 1963) only .
capricolum is sensitive to sodium polyethanol sulfate (also believed to
interact with cholesterol, Mardh, 1975). These three mycopiasmas
rapresent three similar yet different microbes with membranes of

definable character which can be tested against toxins with possible
membrane targets.

T o m?
x?‘-.’-fa.'s 5 w.;.‘. Pl of's

s

) I have been studying the perfluarinated straight chain
K hydrocarbons, nonadecafluoro-n-decanoic acid (NDFDA) and
o pentadecaflugro-n-octancic acid (PFDAR), It is clear from my results
‘E that these compounds act upon the membrane of cells and that this target
;- 1= the same in both procaryotic and eucaryotic cells.
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SurMrMARY OF STUDIES

BEIOLOGICAL PARAMETERS

Orcanicems Used

The sentinel organisms used in this model, Acholeplasma laidlawiil,
Mycoplasma capricolum, and M. gallinarum, were cultivated i1n a Bacto
tryptose-based growth medium supplememted with either 1 % PPLO serum
fraction (Difco Labs, Detroit, MI) (for A. laidlawii) or 10 % donor
tiorse serum (K C Biologicals, Lenexa, KA) (all strains). Although other
jifferences exist between these two serum supplements, the major
uifference appearc to be that of cholesterol content. Enzymatic
cheolesteroi assays (Sigma Chemicals, St. Louis. MO} showed that
i'vcoplasma sp. grown under these conditians have a relative amount of
tholesteral 5 times (using arbitrary units) that of Acholeplasma
laidlawii grown in the same horse serum containing medium. In addition,
fi., laidlawil grown in horse serum had approximately 10 times the

cholesterol observed when grown in serum fraction supplemented medium.

Growth Inhibition on Agar

Using 0.6 cm (diameter) sterile filter paper discs loaded with 25
ul of 100 mM of WOFDA, growth inhibition of the two mycnplasmas was less
than 1 cm as compared to cleared zones of 2.0 cm or more when fA.
laidlawii was the test organism. At similar concentrations, no
cr M. capricolum. A small inhibitory zone ({ 1 mn) was observed when the
tect organism was M. gallinarum. These tests helped to determine the
concentrations of toxicants to be used in broth culture experiments as
discussed below.

Recently, this simple protocol has been used to test the
interactions of combinations of several presumptive toxicants on our
target cells. The compounds hematoporphyrin (HP) and socdium selinite
{55) were used in combination with NDFDA. It was observed after
itncubation at 37C for 20 hrs in the presence of light, that all three
compounds 1inhibited A. laidlawii growth 1.5 cm or more (concentrations
of 1.0 mg/ml faor HF, 1.0 M far 85, and 100 mM for NDFDA) when tested
separately. However, when mixed (in any combination) binary solutions
¢id not inhibit the test organism to the same extent.
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Growth Inhibition 1n Broth

A test was constructed that would establish the concentration aof
test caompound that would kill (i.e. eliminate colony forming ability) a
standard concentration of the test organism atter 30 min at 37C.
Starting with a 10 mM solution of test compound, serial two-fold
diliutions were made with a buffer containing 104 colony forming units
{CFU) per ml of test organism. Samples were removed at time zero and
ihen 30 minutes later and plated onto the appropriate agar medium. Atter
incubation at 37C for 3 to 5 days, CFU were counted. The minimum
concentration that would reduce the detectable CFU to zero at a 100-fold
dilution of the initial mixture was defined as the minimum toxic
cancentration of the test compound. For these studies, capric acid and
WDFDA, only, were used.

For Acholeplasma laidlawii propagated under low cholesterol growth
zgnditions (supplemented with serum fraction}), the minimum inhibiting
[ coricentration af capric acid and NDFDA were determined to be 2.5 mM and
o

.5 mM , respectively. When A. laidlawii was supplemented with horse

serum (which increases the chaolesterol content in the membranesi the
winimum inhibitory concentrations were observed to be 5.0 wll for capric

& acid and 2.5 mM for NDFDA (Liss et al, 1987).

o«

{ Similar test using M. gallinarum and M., capricolum were performed.

b both organisms were grown only in horse serum supplemented medium

e {definad as high cholesterol conditions). The established minimum toxic

- concentration of both capric acid and NDFDA was the same ( 2.5 aM )

2: when M. capricolum was the test organism. When M. gallinarum was the
test organism, it appeared that capric acid was more toxic than was

v HOFDA (5,0 mM as compared to 2.5 mH) (Liss et al, 1987).

fcholeplasmavirus Studies

DY

o A. laidlawii can be productively infected with {four different types
q of viruses (Razin, 1983). Frogeny of each virus is released without

o lyeis ogf the infected cell. The kinetics of virus release are affected
ﬁ( tv the membrane composition of the host cell (Steinick et al, 1980).

K. ihe test compounds used in this study were tested for the ability to

slter viral growth patterns. At sub-toxic concentrations of NDFDA ( 0.4

& nil) virus release was more rapid than that seen in control samples.

! ] This may have breen an artefact as the same concentration of NDFDA
released "clumps" of viruses in cell free solutions. At higher

g concentrations (0.5 to 0.7 mM), virus release 1s inhibited after

: trzatmentment for 30 min. This inhibition 1s "reversible" 1f cells are
removed from the toxicant within 30 min of treatment and moved to NDFDA

" fres medium for 40 min. The mechanism involved in this response 1is
=t11l undefined. Capric acid had no effect at similar concentrations.
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iwsts Using Human and Murine E-cells

One key element of this model 1s that 1t supplies intormation of
nredictive value relevant to eucaryotic as well as procdaryotic cells.
To test this we (in collaboration with Daniel Levitt, Guthrie Research
institute, Sayre, Fa) treated human and murine bB-cells following
protocals established with the mycoplasma maodel. #Again, we observeg
that /DFDA had a cytotoxic and a cytolytic activity, depending on
concentration (Levatt and Liss, 1586). Using a lipophilic
¢ye,.merocyanine 540, it was found that NDFDA treatment altered the
interactiocn of dye and its membrane target - phospholipids {(Levitt and
iiss, 1987i. We concluded that these data confirmed the membrane level
tand probable hydrophaobic nature) of the NDFDA cell target.

BIOCHEMICAL PARAMETERS
Folvpeptide Profile Analyses

Freliminary studies in a broth culture qrowth system revealed that
two actions of the perflucrinated fatty acids can be discerned. #At
concentrations of MDFLCA greater than 10 mM, the A. laidlawll cells were
actually solublized (e.g. the turbidity of the cell-toxi1n mixture
gecreasedi. Analysis by sodium dodecyl sulfate-polyacrvlamide gel
electrophoresis (5D5-FAGE) revealed that polypeptides were lost from the
toxin treated whole cells when compared to the untreated cells. In
general the solubilization was not specific for any special fraction of
the tntal cellular polypeptides. The changes in SD5-FAGE profiles were
similar to those seen when a detergent such as sodium dodecyl sulfate
was used to treat the cells. In addition, alterations in polypeptide
profiles due to treatment with the perfluorinated fatty acids were not
similar to those seen when proteinase K was used to treat the cells
(Liss et al, 1987).

Treating the cells with high concentrations of the
non-perfluorinated fatty acid control chemicals produced similar
"detergent-like" activity. HNote that this result differs from that
described in regard to the cytotoxic nature of these compounds, as given
above. Using the same concentrations of NDFDA and PFOA, M. capricolum
and M. gallinarum polypeptide profiles were also changed as 1f treated
with a classical detergent (Liss et al, 1987).

Hematoporphyrin (HF), in the presence of light, has been shown to
croscs-link the polypeptides of the target mycaoplasma cells (Rojas,
unpublished dataj. When binary mixtures of NDFDA and hematoporphyrin
were used to treat cells, this cross linking was inhibited at
concentrations previously shown to be active., These studies are being
continued to attempt to understand the mechanisms behind these observed
events.
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